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PATENT
Docket No. M 6712 HST/NI PCT/US

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

RE: PCT/US00/05458
International Filing Date: 03/02/00
Priority Date Claimed: 03/02/99
Applicant: Kawaguchi et al.
Title: NONSLUDGING ZINC PHOSPHATING COMPOSITION AND PROCESS
Applicants' Reference: M6712 HST/NI PCT/US

PRELIMINARY AMENDMENT

Box PCT DO/EO/US
Assistant Commissioner of Patents
Washington, DC 20231

Sir:
Prior to substantive examination of the above-referenced application, please enter the following

i

Amendments.

IN THE SPECIFICATION:

Page 1, after the title, insert the following starting on a new line:

-This application claims priority from Japanese application H11-54834, filed March 2, 1999, and
International application PCT/US00/05458 (published in English), filed March 2,2000.--

Page 12 (Replacement Page 12, as submitted on 1 May 2000 to the USPTO acting as the
Receiving Office in the International application from which this application claims priority), amend line
1 to read as follows:

What is claimed is:
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IN THE CLAIMS:

Amend claims 7, 8 and 11 to read as follows:

7. (Amended) A liquid composition according to claim 1, additionally comprising at least one
additive selected from the group consisting of nitrous acid, permanganic acid, peroxysulfuric
acid, hydrogen peroxide, chloric acid, perchloric acid, nitrobenzene sulfonic acid, hydroxylamine,
starch/phosphoric acid esters, fluorine compounds, and salts of all of the other materials
previously recited in this group for which salts are known.

8. (Amended) A process for forming a zinc phosphate conversion coating on a metal substrate
without generating any sludge thereby, said process comprising operations of:

@ bringing said metal substrate into contact with a volume of a liquid composition
according to claim 1, said volume of liquid composition also being in contact with a

counter electrode that is distinct from said metal substrate; and

) causing electric current in flow in a cathodizing direction through said metal substrate
into said volume of liquid composition and through said counter electrode.
11. (Amended) A process according to claim 8, wherein prior to operation (I), said metal substrate is
brought into contact with a weakly basic aqueous collodial solution that contains titanium oxide,

titanium hydroxide, and zinc phosphate.

Enter new claims 12-21 as follows:
--12. (New) A liquid composition that is suitable as electrolyte for a nonsludging electrolytic zinc
phosphate treatment process, said liquid composition comprising water, at least 0.10 mol/L dissolved
phosphoric acid, at least 0.10 mol/L dissolved nitric acid, dissolved zinc cations, m chemically distinct

species of cations other than zinc, and 7 chemically distinct species of anions other than anions derivable
2
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by ionization of phosphoric and nitric acids, each of m and » independently being zero or a positive

integer, the concentration of zinc in moles per liter in said liquid composition satisfying both of the

following mathematical conditions:

m n
{Zn} < 0.3 {H;PO,} + 0.5 {HNO;} — 0.5 =p,C, + 0.5 2qA; and
1=0 j=
{Zn} > 0.15 {H;PO,} +0.25 {HNO;} — 0.25 ZpCi+0.25 Sq A,
i= 5=

in which : “{Zn}”, “{H;PO4}”, and “{HNO;}” respectively represent the zinc, phosphoric acid, and nitric
acid concentrations in mol/L; each of C; and A, is zero; each po and qq is 1; if m is not zero for each
positive integer j from 1 to m, C, represents the concentration in mol/L of the jth distinct cation species
other than zinc present in the bath and p, represents the cationic valence of said jth distinct cation species;
and if » is not zero, for each positive integer j from 1 to n, A, represents the concentration in mol/L of the
Jth distinct anion species other than anions derivable by ionization of phosphoric or nitric acids present in
the bath and q, represents the anionic valence of said jth distinct anion species, wherein {Zn}/{H;PO,4} <
0.91.--

--13. (New) A liquid composition according to claim 12, additionally comprising 0.0005 to 1.0 mol/L
of at least one additive selected from the group consisting of nitrous acid, permanganic acid,
peroxysulfuric acid, hydrogen peroxide, chloric acid, perchloric acid, nitrobenzene sulfonic acid,
hydroxylamine, starch/phosphoric acid esters, fluorine compounds, and salts of all the other materials
previously recited in this group for which salts are known.--

--14. " (New) A liquid composition of matter that is suitable as electrolyte for a nonsludging electrolytic
zinc phosphate treatment process, said liquid composition comprising water, at least 0.20 mol/L dissolved

3
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phosphoric acid, at least 0.20 mol/L dissolved nitric acid, dissolved zinc cations, m chemically distinct
species of cations other than zinc, and » chemically distinct species of anions other than anions derivable
by ionization of phosphoric and nitric acids, each of m and » independently being zero or a positive

integer, the concentration of zinc in moles per liter in said liquid composition satisfying both of the

following mathematical conditions:

{Zn} <0.3 {HsPO,} + 0.5 {HNO3} — 0.5 IpC; + 0.5 Zq,A; and
1=0 =0
{Zn} > 0.27 {H;PO,4} + 0.45 {HNO3} — 0.45 p,C; + 0.45 Sq,A,.
=0 =0

in which : “{Zn}”, “{H5P0O,}”, and “{HNO;}” respectively represent the zinc, phosphoric acid, and nitric
acid concentrations in mol/L; each of Cy and A, is zero; each po and qq is 1; if m is not zero for each
positive integer j from 1 to m, C, represents the concentration in mol/L of the Jjth distinct cation species
other than zinc present in the bath and p, represents the cationic valence of said Jjth distinct cation species;
and if » is not zero, for each positive integer j from 1 to n, A, represents the concentration in mol/L of the
Jth distinct anion species other than anions derivable by jonization of phosphoric or nitric acids present in
the bath and g/ represents/i:hé anionic valence of said jth distinct anion species, wherein {Zn}/{H;PO,} <
0.91.- A

--15. (New) A liquid composition according to claim 14, additionally comprising 0.0005 to 1.0 mol/L
of at least one additive selected from the group consisting of nitrous acid, permanganic acid,
peroxysulfuric acid, hydrogen peroxide, chloric acid, perchloric acid, nitrobenzene sulfonic acid,
hydroxylamine, starch/phosphoric acid esters, fluorine compounds, and salts of all the other materials
previously recited in this group for which salts are known--

4
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--16.  (New) A process for forming a zinc phosphate conversion coating on a metal substrate without
generating any sludge thereby, said process comprising operations of:

O bringing said metal substrate into contact with a volume of a liquid composition
according to claim 12, said volume of liquid composition also being in contact with a
counter electrode that is distinct from said metal substrate; and

(40))] causing electric current to flow in a cathodizing direction through said metal substrate
into said volume of liquid composition and through said counter electrode--

--17. (New) A process according to claim 16, wherein:

- said volume of liquid composition is maintained during operation (II) at a temperature
that is between 50 and 85°C; and

- in operation (II) there is a current density through said metal substrate that is between 0.5
and 50 A/dm’.--

--18.  (New) A process according to claim 16, wherein prior to operation (I), said metal substrate is
brought into contact with a weakly basic aqueous colloidal solution that contains titanium oxide, titanium
hydroxide, and zinc phosphate--

--19. (New) A process for forming a zinc phosphate conversion coating on a metal substrate without
generating any sludge thereby, said process comprising operations of:

{)) bringing said metal substrate into contact with a volume of a liquid composition
according to claim 14, said volume of liquid composition also being in contact with a
counter electrode that is distinct from said metal substrate; and

1D causing electric current to flow in a cathodizing direction through said metal substrate
into said volume of liquid composition and through said counter electrode.--

--20.  (New) A process according to claim 19, wherein:
5
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- said volume of liquid composition is maintained during operation (II) at a temperature
that is between 75 and 85°C; and

- in operation (II) there is a current density through said metal substrate that is between

7.0 and 15 A/dm’.--

-21. (New) A process according to claim 19, wherein prior to operation (), said metal substrate is
brought into contact with a weakly basic aqueous colloidal solution that contains titanium oxide, titanium

hydroxide, and zinc phosphate.--
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REMARKS
Claims 7, 8 and 11 have been amended so as to make each of said claims dependent upon only
one other claim. New claims 12-21 have been added for the purpose of claiming specific embodiments of
Applicants’ invention. No new matter has been introduced.
The specification has been amended to correct an informality. The amendments to the claims and
specification are shown in the separately enclosed document entitled “Version Marked to Show Changes

Made.”

Respectfully submitted,

Stephen D. Harper
(Reg. No. 33,243)
Attorney for Applicants
610-278-4927

Henkel Corporation, Law Department
2500 Renaissance Blvd., Suite 200
Guiph Mills, PA 19406
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Version Marked to Show Changes Made

IN THE SPECIFICATION:
Page 12, line 1, has been amended as follows:

[Claims] What is claimed is:

IN THE CLAIMS:

Claims 7, 8 and 11 have been amended as follows:

7. (Amended) A liquid composition according to [any one of claims 1 through 6] claim 1,
additionally comprising at least one additive selected from the group consisting of nitrous acid,

permanganic acid, peroxysulfuric acid, hydrogen peroxide, chloric acid, perchloric caid,

nitrobenzene sulfonic acid, hydroxylamine, starch/phosphoric acid esters, fluorine compounds,
and salts of all of the other materials previously recited in this group for which salts are known.

8. (Amended) A process for forming a zinc phosphate conversion coating on a metal substrate
without generating any sludge thereby, said process comprising operations of’

O bringing said metal substrate into contact with a volume of a liquid composition
according to [any one of claims 1 through 7] claim 1, said volume of liquid composition
also being in contact with a counter electrode that is distinct from said metal substrate;
and

D causing electric current to flow in a cathodizing direction through said metal substrate

into said volume of liquid composition and through said counter electrode.

8
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11. (Amended) A process according to [any one of claims 8 through 10] claim 8, wherein prior to

operation (I), said metal substrate is brought into contact with a weakly basic aqueous colloidal

solution that contains titanium oxide, titanium hydroxide, and zinc phosphate.
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Description
NONSLUDGING ZINC PHOSPHATING COMPOSITION AND PROCESS

FIELD OF THE INVENTION

This invention relates to a nonsiudging zinc phosphate treatment liquid composi-
tion, often hereinafter called a "bath” without thereby intending any implication that it
must contact the surface to be phosphated by immersion, and a treatment process that
employs this bath. This bath and treatment process are used for the formation of zinc
phosphate coatings on metal surfaces.

BACKGROUND OF THE INVENTION

Phosphate treatments are widely used in general as a temporary anticorrosion
treatment for iron and steel, as a paint undercoating treatment for iron and steel (includ-
ing zinc-plated iron and steel) and aluminum, as a lubricant undercoating treatment in
the plastic working of iron and steel, and as a lubrication treatment for sliding parts.
Phosphate treatments are used for these applications because phosphate coatings,
which function as passivating coatings, have the ability to impart corrosion resistance to
metals and because these coatings have an excellent affinity for organic chemical
substances (e.g., resins and oils) and as a result support and enable excellent
adherence between organic chemical substances and metal surfaces. In other words,
phosphate coatings have the most essential properties required of a surface treatment
coating: corrosion resistance and adherence.

Phosphate coatings occur in a variety of types, such as iron phosphate, zinc
phosphate, zinc iron phosphate, zinc calcium phosphate, and manganese phosphate,
as a function of the nature of the particular metal workpiece. While each of these
coating types is used as appropriate based on its specific properties, the highest demand
is for the formation of zinc phosphate coatings and zinc iron phosphate coatings on iron
and steel, including zinc-plated iron and steel (composite coatings of zinc phosphate and
zinc iron phosphate are usually formed on iron and steel surfaces).

The phosphate treatment baths used with iron and steel take the form of acidic
aqueous solutions made up from phosphoric acid, nitric acid, and zinc as essential com-
ponents along with various additives. A conversion coating is formed when, for example,
iron or steel is brought into contact with such a bath for several minutes. Some of the
elementary chemical reactions that are believed to occur during such contact can be ex-
emplified by the following chemical reaction (or half reaction) equations (1) through (5):
(1) Fe - Fe* +2e”

2) 2H +2e” - H,
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3 3Zn* + 6H,PO, -~ Zn,(PO,),-4H,0 + 4H,PO,

(8)  2Zn* + Fe*™ + 8H,PO, - Zn,Fe(PO,),4H,0 + 4H,PO,
(4) Fe** - Fe* +e

(5) Fe* + M,PO, ~ FePQ, + 2H".

Iron and steel dissolve according to equation (1) in acidic treatment baths such
as phosphate treatment baths, and the electrons given up at this point are consumed in
the discharge of hydrogen ions as in equation (2}, causing an increase in pH at the metal
surface. This increase in pH results in a shift in the degree of dissociation at equilibrium
of the phosphoric acid, resulting in the insolubilization of a portion of the ferrous ions dis-
solved from the substrate and/or the zinc ions present in the phosphate treatment bath
and formation of a coating of zinc phosphate and/or zinc iron phosphate on the substrate
surface according to equation (3) and/or (3').

While the primary driving force for these coating-forming reactions is dissolution
of the substrate according to equation (1), a large fraction of the dissolving ferrous ions
ends up unused by the reactions. These "waste" ferrous ions must be removed from the
system, since they hinder diffusion of the zinc and phosphate ions and thereby lower the
coating-forming reaction rate. In general, the ferrous ions are oxidized to ferric ions ac-
cording to equation (4) by an oxidizer additive such as nitrite ions and precipitate as in-
soluble iron phosphate according to equation (5).

The ability of this chemical reaction system to eliminate the evolved impurities
from the system as a solid precipitate enables use of the treatment bath on a semiper-
manent basis simply by replenishing the consumed components — a feature that has
contributed greatly to the industrial and commercial success of phosphate treatments.
This notwithstanding, removal of this hydrous solid (siudge) requires complex
management sequences, while the cost of treating the discharged sludge, which is an
industrial waste, has been increasing. These factors have recently led to stronger
demand specifically for a nonsludging phosphate treatment.

The execution of phosphate treatment using cathodic electrolysis is one counter-
measture 1o the sludge problem. Cathodic electrolysis differs from the above-described
conversion-based phosphate treatment in that reaction (2) is driven in cathodic electroly-
sis directly by electrical energy from an outside power source. The substrate dissolution
reaction (1) is no longer necessary and the production of iron phosphate sludge can be
avoided. However, since siudge actually also contains about 10 to 25% zinc phosphate
in addition to iron phosphate, the use of just cathodic electrolysis cannot completely
eliminate sludge production.

A number of processes for carrying out phosphate treatment by cathodic elec-
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trolysis have in fact already been disclosed in the prior art, most prominently in Japanese
Laid Open (Kokai or Unexamined) Patent Application Numbers Sho 64-21095
(21,095/1989) and Hei 4-36498 (36,498/1992) and Japanese Laid Open Patent
Application (PCT) Number Hei 6-506263 {(506,263/1994). The object of Japanese Laid
Open (Kokai or Unexamined) Patent Application Number Sho 64-21095 is high corrosion
resistance and high adherence in application as a paint undercoating. This process
cannot avoid sludge production, however, because trivalent iron cations are present in
its treatment bath. Japanese Laid Open (Kokai or Unexamined) Patent Application
Number Hei 4-36498 employs a high zinc-to-phosphoric acid ratto, probably because its
object is the rapid formation of a fine and dense zinc phosphate coating. It is believed
that a zinc phosphate sludge will be produced under these conditions. Japanese Laid
Open Patent Application (PCT) Number Hei 6-506263, being concerned with
countermeasures to the expense and toxicity of the nickel and/or cobalt sometimes
deemed essential to the maximal performance of phosphate coatings as paint
undercoatings, states that the concentration of these species in the treatment bath can
be reduced through the use of electrolysis. Thus, no distinctive features can be
discerned when the treatment bath compositions used in conversion processes are
compared with these teachings; rather fine-sizing and densification (high corrosion
resistance) of the coating or rapid coating formation is identified in each case as the
advantage to the use of electrolysis and these teachings are silent on the subject of
reducing sludge production.

The prior phosphate treatment technology as described above is thus unable to
entirely eliminate sludge production. ltis therefore an object of this invention to introduce
a zinc phosphate treatment bath that is entirely free of siudge production. Ancther object
of this invention is to introduce a zinc phosphate treatment process that uses said non-
sludging zinc phosphate treatment bath.

SUMMARY OF THE INVENTION

it has been found that a nonsiudging zinc phosphate treatment process can be
obtained by elecirolytically forming the zinc phosphate coating, using as electrolyte bath
for the electrolysis reaction an aqueous solution that contains at least phosphoric acid,
nitric acid, and zinc cations and may optionally contain m chemically distinct species of
cations other than zinc and n chemically distinct species of anions other than anions de-
rivable by ionization of phosphoric and nitric acids, each of m and n independently being
zero or a positive integer, when in this bath the concentration of zinc in moles per liter
(a concentration unit hereinafter usually either abbreviated as “mol/L” or by putting a

chemical formula describing the molecular weight of a substance inside a pair of curly
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brackets) satisfies mathematical condition (6) as follows:

©) (Zn) < 0.3 (H,PO,} + 0.5 [HNOy - 0.5 TpC, + 0.5 /g“oq,q,

in which: “{Zn}’, 4H;PQC,}", and “{HNO,}" respectively represent the zinc, phosphoric acid,
and nitric acid concentrations in mol/L; each of C, and A, is zero; each of p,and g, is 1;
if mis not zero, for each positive integer i from 1 to m, C, represents the concentration
in mol/L of the 7th distinct cation species other than zinc present in the bath and p, repre-
sents the cationic valence of said /th distinct cation species; and if nis not zero, for each
positive integer jfrom 1 to n, A represents the concentration in mol/L of the jth distinct
anion species other than anions derivable by ionization of phosphoric or nitric acids
present in the bath and g, represents the anionic valence of said jth distinct anion spe-
cies.

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS

The zinc phosphate treatment bath of this invention preferably also contains as
additive at least one selection from nitrous acid, permanganic acid, persulfuric acid, hy-
drogen peroxide, chloric acid, perchloric acid, nitrobenzenesulfonic acid, hydroxylamine,
starch/phosphoric acid esters, fluorine compounds, and salts of the preceding.

The nonsludging zinc phosphate treatment process of this invention characterist-
ically comprises cathodic electrolysis treatment of a metal workpiece in a zinc phosphate
treatment bath according to this invention as described above.

in the execution of the nonsludging zinc phosphate treatment process of this
invention, the metal workpiece is preferably brought into contact — prior to the aforesaid
cathodic electrolysis treatment — with a weakly basic aqueous colloidal solution that con-
tains titanium oxide, titanium hydroxide, and zinc phosphate.

While mathematical condition (8) does limit the relationship between the zinc
concentration and the phosphoric acid and nitric acid concentrations, it does not specify
an absolute value for any of these concentrations. The observance of mathematical con-
dition (8) is sufficient by itself for the specific purpose of avoiding sludge production.
However, in order to facilitate the production of desired coating weights at industriaily
practical coating-formation rates in a zinc phosphating process according to this
invention, the following preferences apply, each independently of the others:

- the phosphoric acid concentration preferably is at ieast, with increasing prefer-
ence in the order given, 0.10, 0.20, 0.25, 0.80, or 0.35 mol/L;

- the nitric acid concentration preferably is at least, with increasing preference in
the order given, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.65, 0.70, or 0.75 mol/L; and

- the zinc concentration preferably is at least, with increasing preference in the ord-
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er given, 50, 60, 70, 75, 80, 85, 90, 93, or 96 % of the upper limit concentration

calculated according to mathematical condition (6).

While the upper limits on the phosphoric acid and nitric acid concentrations is not
critical, no improvement in the coating-forming activity has been found to occur at a
phosphoric acid concentration in excess of 0.6 mol/L or a nitric acid concentration in
excess of 1.0 mol/L, possibly because of a considerable increase in viscosity of the treat-
ment bath when it contains such high concentrations of acid(s). This makes such con-
centrations economically undesirable. Furthermore, when in the industrial execution of
this invention the absolute value of the phesphoric acid or nitric acid concentration is par-
ticularly high and the treatment bath is not adequately stirred, sludge may attach to pipe-
work or other conduits that are in contact with the treatment solution on their external
surfaces and have a hot fluid circuiating through their interior to assist in maintaining the
bath at a preferred temperature during its use. This localized sludge formation is be-
lieved to be due 1o local overheating. In order to avoid localized sludge formation and
inconveniently high viscosity and to reduce the cost:benefit ratio of a process according
to the invention, the following preferences apply, each independently of any other
preferences:

- the concentrations of zinc and phosphate are such that {Zn}/{H,PO,} < 0.91;

- the concentration of nitric acid is not more than, with increasing preference in the
order given, 1.10, 1.00, 0.95, 0.90, or 0.85 mol/L; and

- the concentration of phosphoric acid is not more than, with increasing preference
in the order given, 0.55, 0.50, or 0.45 mol/L.

A completely nonsludging zinc phosphate treatment can be carried out by im-
mersing the metal workpiece in a zinc phosphate treatment bath as described above and
passing electric current in a cathodizing direction through the workpiece. In regards to
the conditions during electrolysis, the amount of applied electricity (current x time) should
be adjusted in correspondence to the required coating weight, but the use of a current
density that is at least, with increasing preference in the order given, 0.5, 1.0, 2.0, 3.0, °
4.0,5.0,6.0,7.0,8.0, 8.0, or 9.5 amps per square decimeter (this unit of current density
being hereinafter usually abbreviated as “A/dm?) and independently preferably is not
more than, with increasing preference in the order given, 50, 40, 30, 25, 20, 15, or 11
A/dm?, is preferred in order to obtain a high quality coating in a relatively short time.
While the temperature of the zinc phosphate treatment bath can be in the broad range
from 30 to 90 °C, preferably the temperature is at least, with increasing preference in the
order given, 50, 6Q, 65, 70, 75, or 78 °C and independently preferably is not more than
85 °C, based on such considerations as the conductivity of the treatment bath and effi-
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ciency of coating formation.

With the objectives of microfine-sizing the coating crystals and achieving high
coating-formation rates during electrolysis, two methods for improving the coating forma-
tion performance, without raising the zinc concentration, have been discovered. One of
these methods consists of the use of an additive in the metal working lubricant. In more
specific terms, one or more selections from the following is preferably present in a zinc
phosphate treatment bath of this invention: nitrous acid, permanganic acid, peroxysulfur-
ic acid, hydrogen peroxide, chioric acid, perchioric acid, nitrobenzene sulfonic acid, hy-
droxylamine, starch/phosphoric acid esters, fluorine compounds, and salts of all the
chemical substances previously recited in this sentence when salts of such substances
are known. Acids among these additives may be added directly as the acid or as an
alkali metal or ammonium salt of the acid. Hydroxylamine is in general preferably added
as its salt with, for example, sulfuric acid. Usable as the fluorine compounds are hydro-
fluoric acid, hexafluorosilicic acid, hexafluorotitanic acid, hexafluorozirconic acid, and the
like; these are preferably added as the acid or an alkali metal or ammonium sait. The
additive concentration should be selected as appropriate for the desired coating
formation rate, but in general is preferably in the range from 0.0005 to 0.1 mol/L.

A second method for increasing the coating formation performance comprises
contacting the metal workpiece — prior to the execution thereon of the zinc phosphate
treatment by cathodic electrolysis — with a weakly basic aqueous colloidal solution that
contains titanium oxide, titanium hydroxide, and zinc phosphate. The colloidal particles
therein are believed to adsorb on the surface of the metal workpiece and function as
nuclei for the crystals during ensuing formation of the zinc phosphate coating. The inclu-
sion of this step not only serves to improve the efficiency of formation of the zinc phos-
phate coating that is produced by cathodic electrolysis, but also promotes extremely fine
crystal grain size in the coating. More preferably, both of these first and second methods
for improving the coating formation performance without increasing the zinc
concentration are included in a process according to the invention.

This invention may be further appreciated in specific detait by consideration of
the following working and comparative examples, but the invention is not limited to or by
the working examples.

Example 1

Zinc carbonate (ZnCO;) was added to a mixed aqueous solution of phosphoric
acid and nitric acid in which the phosphoric acid concentration was 0.40 mol/L and the
nitric acid concentration was 0.80 mol/L, the amount of zinc carbonate added producing

a zinc concentration of 0.50 mol/L in the resulting solution. When the resulting aqueous
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solution was heated to 80 °C and held at this temperature for 2 hours, absolutely no tur-
bidity was observed in the solution and a transparent appearance was maintained from
beginning to end. The zinc concentration in this aqueous solution was lower than the
zinc concentration limit of 0.52 mol/L calculated using mathematical condition (8).
Comparative Example 1

Zinc carbonate (ZnCQ,) was added to a mixed agueous solution of phosphoric
acid and nitric acid in which the phosphoric acid concentration was 0.40 mol/L. and the
nitric acid concentration was 0.70 mol/L, the amount of zinc carbonate added producing
a zinc concentration of 0.50 mol/L in the resulting solution. When the resulting aqueous
solution was heated to 80 °C and held at this temperature for 2 hours, the gradual devel-
opment of turbidity was observed and a white precipitate was ultimately produced. The
zinc concentration in this aquecus solution was higher than the zinc concentration limit
of 0.47 mol/L calculated using mathematical condition (6). The white precipitate was fil-
tered off, washed, and dried. X-ray diffraction analysis of the resulting powder identified
it as zinc phosphate.

Example 2

Zinc carbonate (ZnCO,) was added to a mixed agueous solution of phosphoric
acid and nitric acid in which the phesphoric acid concentration was 0.60 mol/L and the
nitric acid concentration was 1.0 mol/L, the amount of zinc carbonate added producing
a zinc concentration of 0.65 mol/L in the resulting solution. When the resulting aqueous
solution was heated to 80 °C and held at this temperature for 2 hours, absolutely no tur-
bidity was observed in the solution and a transparent appearance was maintained from
beginning to end. The zinc concentration in this aqueous solution was lower than the
zinc concentration limit of 0.68 mol/L calculated using mathematical condition (6.

Comparative Example 2

Zinc carbonate (ZnCO,) was added to a mixed agueous solution of phosphoric
acid and nitric acid in which the phosphoric acid concentration was 0.60 mol/L and the
nitric acid concentration was 0.90 mol/L, the amount of zinc carbonate added producing
a zinc concentration of 0.65 mol/L in the resulting solution. When the resulting agueous
solution was heated to 80 °C and held at this temperature {for 2 hours, the gradual devel-
opment of turbidity was observed and a white precipitate was ultimately produced. The
zinc concentration in this agueous solution was higher than the zinc concentration limit
of 0.63 mol/L calculated using mathematical condition (6).

Example 3
Zinc carbonate (ZnCO;) was added to a mixed aqueous solution of phosphoric

acid and nitric acid in which the phosphoric acid concentration was 0.20 mol/L and the

7
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nitric acid concentration was 0.40 mol/L, the amount of zinc carbonate added producing
a zinc concentration of 0.25 moV/L in the resulting solution. When the resulting aqueous
solution was heated to 80 °C and held at this temperature for 2 hours, absolutely no tur-
bidity was observed in the solution and a transparent appearance was maintained from
beginning to end. The zinc concentration in this aqueous solution was lower than the
zinc concentration limit of 0.26 mol/L calculated using mathematical condition (8).
Comparative Example 3

Zinc carbonate (ZnCO;) was added to a mixed aqueous solution of phosphoric
acid and nitric acid in which the phosphoric acid concentration was 0.20 mol/L and the
nitric acid concentration was 0.40 mol/L, the amount of zinc carbonate added producing
a zinc concentration of 3.30 mol/L in the resulting solution. When the resulting aqueous
solution was heated to 80 °C and held at this temperature for 2 hours, the gradual devel-
opment of turbidity was observed and a white precipitate was ultimately produced. The
zinc concentration in this agueous solution was higher than the zinc concentration limit
of 0.26 mol/L. calculated using mathematical condition (6).

Exampie 4

Hot-rolled steel according to Japanese industrial Standard (hereinafter usually
abbreviated as “JIS”) S45C was degreased and then dipped for 30 seconds in 5 % HC!
solution in water at ambient temperature to prepare a test panel whose surface was
freed of its oxide film. This test panel was then dipped in the aqueous solution of
Example 1, which had been heated to 80 °C, and subjected to cathodic electrolysis at
a current density of 10 A/dm?. A zinc phosphate coating was thereby formed on the
surface of the test panel. Investigation of the electrolysis time that produced a 50 % sur-
face coverage ratio by the zinc phosphate coating gave a value of 10 seconds. The
coverage ratio was determined by scanning electron microscope (hereinafter usually
abbreviated as “SEM”) observation at 500X. At this time point the crystal size in the zinc
phosphate coating was a maximum of approximately 50 micrometres (hereinafter usually
abbreviated as “um”). Zinc phosphate treatment was also carried out by electrolysis
under the same conditions (current density = 10 A/dm?, electrolysis time = 10 seconds)
with the addition of 0.001 mol/L of sodium nitrite (NaNO,) to the Example 1 aqueous
solution. SEM observation showed that the coverage ratio by the coating had improved
to approximately 90 %. In this case the crystal size in the zinc phosphate coating was
a maximum of approximately 40 ym.

Example 5
Zinc phosphate treatment was carried out by electrolysis under the same condi-

tions as in Example 4 (current density = 10 A/dm?, electrolysis time = 10 seconds),

8
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except with the addition of 0.007 mol/L of sodium fluoride (NaF) and 0.04 mol/L of hexa-
fluorosilicic acid (H,SiF) to the Example 1 agueous solution. SEM observation showed
that the coverage ratio by the coating was 100 %. At this point the crystal size in the zinc
phosphate coating was a maximum of approximately 30 pm.
Example 6
Zinc phosphate treatment was carried out by electrolysis under the same condi-
tions as in Example 4 (current density = 10 A/dm?, electrolysis time = 10 seconds),
except with the addition of 0.001 mol/L of potassium permanganate (KMnQ,) to the
Example 1 agueous solution. SEM observation showed that the coverage ratio by the
coating was 100 %. At this point the crystal size in the zinc phosphate coating was a
maximum of approximately 80 pym.
Example 7
Zinc phosphate treatment was carried out by electrolysis under the same condi-
tions as in Example 4 (current density = 10 A/dm?, electrolysis time = 10 seconds),
except with the addition of 0.01 mol/L of sodium persulfate (Na,S,0;) to the Example 1
aqueous solution. SEM observation showed that the coverage ratio by the coating was
100 %. At this point the crystal size in the zinc phosphate coating was a maximum of
approximately 30 pm.
Example 8
Zinc phosphate treatment was carried out by electrolysis under the same condi-
tions as in Example 4 (current density = 10 A/dm?, electrolysis time = 10 seconds),
except with the addition of 0.005 mol/lL of sodium meta-nitrobenzenesulfonate
(CeH.NO,SO,Na) to the Example 1 aqueous solution. SEM observation showed that the
coverage ratio by the coating was 100%. At this point the crystal size in the zinc
phosphate coating was a maximum of approximately 40 pm.
Example 9
Zinc phosphate treatment was carried out by electrolysis under the same condi-
tions as in Example 4 (current density = 10 A/dm?, electrolysis time = 10 seconds),
except with the addition of 0.01 mol/L of hydroxylamine sulfate (i.e., (NH,OH),-H,S0,) to
the Example 1 aqueous solution. SEM observation showed that the coverage ratio by
the coating was 85 %. At this point the crystal size in the zinc phosphate coating was a
maximum of approximately 80 pm.
Example 10
Zinc phosphate treatment was carried out by electrolysis under the same condi-
tions as in Example 4 (current density = 10 A/dm?, electrolysis time = 10 seconds),

except with the addition of 2 grams of sodium starch phesphate ester per liter of solution
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to the Example 1 aqueous solution. (The concentration unit of grams of a specified

ingredient per iiter of solution is hereinafter usually abbreviated as “g/L”.) SEM

observation showed that the coverage ratio by the coating was 100 %. At this point the

crystal size in the zinc phosphate coating was a maximum of approximately 60 pm.
Example 11

A JIS S45C test panel was first degreased and acid rinsed and was thereafter
dipped for 30 seconds at ambient temperature in a 3 g/L aqueous solution of PREPA-
LENE® Z (colloidal titanium solution), a surface conditioner commercially availabie from
Nihon Parkerizing Co., Ltd. The test panel was then immediately subjected to zinc phos-
phate treatment by electrolysis under the same conditions as in Example 4 {current
density = 10 A/dm?, electrolysis time = 10 seconds) using the aqueous solution described
for Example 1. SEM observation showed that the coverage ratio by the coating was 100
%. At this point the crystal size in the zinc phasphate coating was a maximum of approx-
imately 15 pm.

The treatment bath remained transparent from beginning to end in each of the
cathodic electrolysis steps in Examples 4 to 11, and in each case the production of a pre-
cipitate was also entirely absent,

Examples 1 to 3 demonstrate that no precipitation of zinc phosphate occurred
even when a zinc phosphate treatment bath of this invention, i.e., a bath containing a
zinc concentration less than or equal to the zinc concentration limit defined by
mathematical condition (6), was heated to 80 °C. In contrast to this, as shown in
Comparative Examples 1 to 3, precipitation of zinc phosphate did occur in the case of
zinc phosphate treatment baths containing a zinc concentration in excess of the zinc
concentration limit defined by mathematical condition (8).

As demonstrated by Examples 4 to 10, the use of additive-containing zinc phos-
phate treatment baths according to this invention enabled the formation of zinc phos-
phate coatings at excellent coverage ratios even in relatively short eiectrolysis time, e.g.,
10 seconds.

Finaily, as demonstrated by Example 11, application of the colloidal titanium sur-
face conditioning treatment of this invention prior to the electrolytic zinc phosphate treat-
ment not only resulted in the formation of a coating with a perfect coverage ratio, but also
supported the formation of a coating that contained extremely fine and dense zinc
phosphate crystals.

Use of the zinc phosphate treatment bath of this invention completely eliminates
the production of industrial waste (sludge) that has plagued the prior art and in this man-
ner makes a substantial contribution to reducing global environmental pollution. The pro-
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cess of this invention enables zinc phosphate treatment to be run very rapidly through
the use of electrolysis. This feature, in combination with the fact that this process can
be used to execute zinc phosphate treatment on essentially any material that is electric-
ally conductive, makes the instant process highly advantageous on an industrial or com-
mercial basis.

CLAIMS

1. A liguid composition of matter that is suitabie as electrolyte for a nonsludging
electrolytic zinc phosphate treatment process, said liquid composition comprising water,
dissolved phosphoric acid, dissolved nitric acid, dissolved zinc cations, m chemically
distinct species of cations other than zinc, and n chemically distinct species of anions
other than anions derivable by ionization of phosphoric and nitric acids, each of m and
n independently being zero or a positive integer, the concentration of zinc in moles per

liter in said liquid composition satisfying the following mathematical condition:

(Zn} < 0.3 (PO} + 0.5 (HNO} ~ 0.5 T9G,+ 0.5 94,
in which: “{Zn}’, “{H,PO,}", and “{HNQO,}” respectively represent the zing, phosphoric acid,
and nitric acid concentrations in mol/L; each of C, and A, is zero; each of pyand g, is 1;
if mis not zero, for each positive integer i from 1 to m, C, represents the concentration
in mol/L. of the 7th distinct cation species other than zinc present in the bath and p; repre-
sents the cationic valence of said 7th distinct cation species; and if 7is not zero, for each
positive integer jfrom 1 to n, A represents the concentration in mol/L of the jth distinct
anion species other than anions derivable by ionization of phosphoric or nitric acids
present in the bath and g, represents the anionic vailence of said fth distinct anion spe-

cies.

2. A liquid composition according to claim 1, wherein:
- the phosphoric acid concentration is from 0.10 to 0.60 mol/L;

- the nitric acid concentration is from 0.20 to 1.0 mol/L; and
- {Zn} > 0.15 {H,PO,} + 0.25 (HNO,} ~ 0.25 $pC, + 0.25 Y gA.
=0 =0

3. A liquid composition according to claim 2, wherein:
- the phosphoric acid concentration is from 0.25 to 0.50 mol/L;
- the nitric acid concentration is from 0.65 to 0.90 mol/L; and

. {Zn} > 0.27 {H,PO,} + 0.45 (HNO,} — 0.45 %op,c, +0.45 T gA,
= =0

4, A liquid composition according to claim 3, wherein {Zn}/{H,PO,} < 0.91.

11
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5. A liquid composition according to claim 2, wherein {Zn}/{H,PQ,} < 0.91.
8. A liquid compaosition according to claim 1, wherein {Zn}/{H,PO,} < 0.91.
7. A liquid composition according to any one of claims 1 through 6, additionally com-

prising at least one additive selected from the group consisting of nitrous acid, perman-

5 ganic acid, peroxysuifuric acid, hydrogen peroxide, chloric acid, perchioric acid, nitroben-
zene sulfonic acid, hydroxytamine, starch/phosphoric acid esters, fluorine compounds,
and salts of all of the other materials previously recited in this group for which salts are
known.

8. A process for forming a zinc phosphate conversion coating on a metal substrate
10 without generating any sludge thereby, said process comprising operations of:

H bringing said metal substrate into contact with a volume of a liquid compaosition
according to any one of claims 1 through 7, said volume of liquid composition
also being in contact with a counter electrode that is distinct from said metal
substrate; and

16 (tn causing electric current to flow in a cathodizing direction through said metal sub-

strate into said volume of liquid composition and through said counter electrode.

9. A process according to claim 8, wherein:
- said volume of liquid composition is maintained during operation (I} at a

temperature that is between 50 and 85 °C; and

20 - in operation (ll) there is a current density through said metal substrate that is be-
tween 0.5 and 50 A/dm?.

10. A process according to claim 9, wherein:
- said volume of liquid composition is maintained during operation () at a
temperature that is between 75 and 85 °C; and
25 - in operation (li) there is a current density through said metal substrate that is be-
tween 7.0 and 15 A/dm?.

11. A process according to any one of claims 8 through 10, wherein prior to operation
(1), said metal substrate is brought into contact with a weakly basic aqueous colloidal
solution that contains titanium oxide, titanium hydroxide, and zinc phosphate.

12
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